ACTTVE-MATRTX LIQUID CRYSTAL DISPLAY WTIH 
UNE/COLUMN INVERSION DRIVES, AND ELECTRONIC DEVICE THEREFOR 



BACKOtOUND OF THE INVENTION 

Field of the Invention 

This invention relates to liquid crystal displays, particulariy, active-matrix 
liquid crystal displays for use in electronic devices such as color image projectors» 
which operate with line inversion drives and column inversion drives. 
Description of the Related Art 

Conventionally, liquid crystal displays of the projection type (namely, liquid 
crystal display projectors) use active-matrix liquid crystal displays as their liquid 
crystal light valves^ which act as light modulators. The active-matrix liquid crystal 
display contains an active-niatrix substrate that fabricates signal lines, electrodes^ and 
switching elements for pixels, and its opposite substrate having common electrodes, 
wherein these substrates are arranged opposite to each other and are separated fiom 
each other with a prescribed gap via a seal material* A liquid crystal is held in such a 
gap between the substrates of the active^matrix liquid crystal display. A laige number 
of 'pixel electrodes' are arranged on the prescribed display area of the display, and 
they are respectively encompassed by data lines and scan lines. Hence, the pixel 
electrodes are arranged in a matrix form on the screen of the display. 

The recent mainstream technology for active-matrix liquid crystal displays is 
called a "IWisted Nematic' (simply abbreviated in 'TN*) mode. This is because the 
liquid crystal displays of the TN mode provide high brightness, high contrast, and 
relatively high-speed response, while they can be driven with relatively low voltages 
and are easy to control in gradations. That is. the liquid crystal displays of the TN 



mode provide various characteristics, which are essendal fisr the existing displays, with 
a good balance. The TN mode employs tfie prescribed structure in which liquid- 
crystal molecules are twisted in their long-axis directions between the active-matrix 
substrate and its opposite substrate. Generally speaking, the twisted-nematic liquid 
crystal display (or *TNLCD') uses a liquid crystal whose twisted-nematic molecules 
align on a helical axis in the absence of an electric field, tmsting polarized light up to 
90°. 

An alignment direction for aligning liquid-crystal molecules is regulated by 
surface conditions of the substrates. That is, the liquid-crystal molecules cannot all 
always be aligned in the prescribed direction by simply aligning them in parallel to the 
screen surface of the liquid crystal display because they have a certain degree of 
fieedom -mth respect to the alignment directionL One method for ensuring an 
alignment of liquid-crystal molecules in the specific direction is to physically control 
them in their long-axis directions by prodding surfaces of the substrates with coating 
materials or channels directing an alignment in a specific direction. Specifically, the 
surfkce of the substrate is coated with a polyimide resin having a specific orientation to 
fiorm an orientation film thereon. The orientarion can be further enhanced by forming 
scratches extending in the specific direction on the sui&ce of the orientation film. In 
addition, there are also provided several measures in orientation processes to provide a 
specific orientation to the orientation film formed on the surface of the substrate. For 
examplCp a so-called rubbing method is used to lub the orientarion film with the cloth 
wound about a roll, or a slanted dq>osition (or slanted evaporation) method is used to 
deposit an inorganic material in a slanted direction to form an orientation film. 

More specific descriptions will be made with respect to a typical exanople of 
the active-matrix liquid crystal display that uses thin-film transistors (namely^ *ITT') 



as switching elements fbr pixels. That is, the active^atrix liquid crystal display is 
composed of an active-matrix substrate for fabricadng scan lines^ data lines« pixel 
electrodes and thin-film transistors, and its opposite substrate having common 
electrodes, wherein a liquid crystal layer is nanrowiy held in a gap between these 
substrates that are arranged opposite to each other and are separated from each other 
via a seal material. 

On a front sur&ce of the active-matrix substrate directly facing with the liquid 
crystal layer, a large number of data lines and scan lines are wired to intersect with 
each other in grid patterns in connection with thin-film transistors, so that each thin- 
film transistor is arranged in proximity to a point of intersection between each data line 
and each scan line. In addition, pixel electrodes are connected to the data lines and 
scan lines by means of the thin-film transistors rcspectiveiy. One pixel is defined as a 
region that contains each one pixel electrode as well as its related data line, scan line, 
and thin-film transistor. Thus, the active-matrix liquid crystal display can display 
images of dots by activating respective pixels that are amnged in a matrix form. 

Orientation films urging liquid-crystal molecules to piescribed orientation 
states in a non-power mode (or a power-off mode) where no voltage is applied 
between the substrates are respectively formed on surfaces of the active-matrix 
substrate and its opposite substrate sandwiching the liquid crystal layer. 
Convrationally, the orientation films are composed of orientational high molecular 
materials such as polyimide^ so that organic orientation films whose surfaces are 
subjected to rubbing processes are widely used. In the rubbii^ process, the 
prescribed rubbing cloth is used to rub the sur£ace of the film in a certain direction. 

In the active-matrix substrate, regions forming data lines, scan lines, and thin- 
film transistors have a greater number of layers compared to rc^ons formiiig pixel 



electrodes. That is, peripheral portions of pixels containing data lines, scan lines, and 
thin-film transistors are increased in height compared to center portions of pixels. 
This causes differences in height being fbnned between the peripheral portions and 
center portions of the pixels on the adive-matrix substrate. 

Recently, liquid crystal displays are manufactured with very fine structures by 
decreasing dimensions of pixels. In the rubbing process of the orientation film, the 
nibbing cloth does not make good contact with the differences and their neighboring 
areas on the active-matrix substrate. Thus, it is veiy difficult to perform the rubbing 
process compl^ely on the entire surfoce area of the orientation film. 

If the nibbing process is made incomplete with respect to boundary areas 
corresponding to neighboring areas of differences formed between peripheral portions 
and center portions of pixels, defectiveness may occur in these areas of the orientation 
film. In a non-power mode^ liquid-crystal molecules will not be sufficiently regulated 
by the orientation film in proximity to the albrementioned boundary areas. This may 
cause orientation failures in which liquid-crystal molecules become unstable in 
orientation due to various factors. That is^ a so-called 'reverse dlL domain' (^e.^ a 
region in which liquid-crystal molecules have different directions in building up or 
tilting) is caused to occur at the boundary areas between the peripheral portions and 
center portions of the pixels. This may cause display fiulures such as leakage of light. 

In the slanted deposition method, deposition may not be completely 
performed around peripheral portions of pixels because of shadows of the differences. 
For this reason, as the display is manixfactured with a very fine structure, it may cause 
a noticeable increase for orientation-incomplete areas in which the orientation process 
was not p^^rmed completely with respect to the orientation film fi>rmed on the 
surface of the active-matrix substrate. In the orientation-lnconiplete areas 



substantially corresponding to the peripheral pordoi^ of pixels, liquid-crystal 
molecules are not sufficiently regulated in accordance with the prescribed orientation, 
so they become unstable in orientation due to various &ctors. In short, the substrate 
of the active-matrix liquid crystal display must withstand an orientation-fhilure state. 
This may cause so-called disclination, i.e., a region that provides a difference of 
orientation directions of liquid-oystal molecules with respect to an area betwe» tte 
peripheral portion and cent^ portion of the pixel. Therefbrey a display fiulure such as 
leakage of light occurs at a boundary of the aforementioned region. 

The aforementioned orientation failure can be solved by malmig the substrate 
surface fiat or planar, thus allowing the orientation process to be completely perfbrmed 
on any portions of pixels. Specifically, it is possible to provide the foUowing 
methods for the flattening or planarization of the substrate surface. 

(i) Signal lines are embedded in rtianneis tiiat are formed on the surface of the 
substrate. 

(ii) After wiring signals lines on the substrate, they are embedded in an insulation 
film having a high d^ree of planarization. 

(lii) The insulation film is made flat or planar by using chemical mechanical 
polishing (abbreviated as 'CMP'). 
Conventionally, tbe active-matrix liquid crystal display has enq)loyed so- 
called 'frame inversion drive', which provides polarity inversions for picture signals 
applied to the liquid crystal with respea to each of frames, in consideration of the 
Trfetime (or service life) of the liquid crystal material. By using the frame inversion 
drive^ it may be possible to increase the lifetime of the liquid crystal m atmal 
However, it causes flickering (fluctuations of lights or pictures) due to strokes between 
adjoining pixels on the s^een, which may detmorate the quality of the display. As 



solutions to flickering that may occur on the screen of the display; it is possible to use 
various types of display drive techniques called 'column inversion drive* and *line 
inversion drive* . That is, the column invo-sion drive provides polarity inversions for 
picture signals with respect to each of adjoining data lines, and the line inversion drive 
provides polarity inversions for picture signals with respect to each of adjoining scan 
lines. 

Even though the orientation failure is solved by improving the planarization of 
the substrate, the aforementioned line inversion drive and column inversion drive may 
cause display failures due to the aibrementioned disclination at the peripheral portions 
of pixels. This is because in the line inversion drive and column inversion drive, 
picture signals having diflereni polarities are supplied to adjoining pixels respectively 
so that a lateral electric field appears between the adjoining pixel electrodes of the 
active-matrix substrate in addition to a vertical electric field that appears between the 
pixel electrodes of the active-matrix substrate and the common electrodes of the 
opposite substrate, wherein the vatical electric field directly contributes to driving the 
liquid crystal. Under effects of the latml electric field, liquid-crystal molecules may 
be disturbed in alignment. 

SUMMARY OF THE INTVENTION 

It is an object of the invention to provide a liquid crystal display, employing 
line inversion drive and/or column inversion drive^ which can reduce display failures 
due to disclination caused by a lateral electric field that appears between adjoining 
pixel electrodes on a substrate. 

An active-matrix liquid crystal display of this invention is basically composed 
of an active matrix substrate fabricating signal lines and pixel electrodes^ a liquid 



crystal, and a opposite substrate having a common electrode. The liquid crystal is 
held between the active matrix substrate and opposite substrate, which are arranged 
opposite to each other. On the active matrix substrate, there are arranged a first group 
of pixel electrodes that are aligned in a prescribed direction and are siqsplied with 
picture signals of a first polarity, and a second group of pixel electrodes that are 
aligned to adjoin with the first group of pixel electrodes respectively and are supplied 
with picture signals of a second polarity. Liquid-crystal molecules lying in proximity 
to the active matrix substrate are initially oriented in a first orientation direction (Ra) 
in a non-power mode in such a way that their long-axis directions are parallelized with 
^ alignment directions of the first and second groups of pixel electrodes. Ahematively, 

they are oriented in such a way that their long-axis directions cross with the alignment 
directions of the first and second groups of pixel electrodes. In this case, they are 
twisted in such a way that their long-axis directions extend fiom the active matrix 
substrate to the opposite substrate and lie across the first and second groups of pixel 
electrodes on the active matrix substrate in plan view. Id addition, liquid-oystal 
molecules lying in proximity to the opposite substrate are initially oriented in a second 
orientation direction (Rb) that rectangularly crosses the first orientation directiotL 
In the active-matrix liquid crystal display of this invention, an inorganic 
material such as a silicon oxide is subjected to slanted deposition to form an inoiganie 
orientation film on the surface of the active tnatrix substrate, while an otganic 
orientation film is fhrmed on the surface of the opposite substrate that is con^osed of 
orientational hi^ molecules of a polyimide. The slanted deposition is performed one 
time to form one type of pillar structure in which pillars are arranged and are slanted in 
a specific direction on the active matrix substrate. Alternatively, the slanted 
deposition is performed multiple times to frnvide mixtures of pillar structures that are 
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slanted in difTerent directions. Thus, it is possible to form an orientation film without 
using an organic orientation film requiring the rubbing process that may resuh in 
incomplete orientation even though the active matrix substrate have many differences 
in height Therefore* the rubbing process is perfonned with respect to the organic 
orientation film of the opposite substrate. The orientation films apply dififo^nt pr^ 
tih angles to liquid-crystal molecules in relation to the active matrix substrate and 
opposite substrate respectively That is, the first pre-tilt angle, which preferably 
ranges from 3^ to 30^, imparted to liquid-crystal molecules lying in proximity to the 
r*; active matrix substrate becomes laiger than the second pre-tilt angle imparted to 

liquid-crystal molecules lying in proximity to the opposite substrate. 
M The aforementioned orientations reliably reduce influences of lateral electric 

fields, which occur at a power-on mode in response to line inversion drive to cause 
unwanted motions for liquid-crystal molecules, in particular, liquid-crystal molecules 
lying between adjoining pixel electrodes electrified at different potentials respectively 
in proxlmhy to the active matrix substrate. Thus^ it is possible to reduce the 
occurrence of disclination due to lateral electric fields, thus reducing display fidlures. 



BRIEF DESCRIPTION OF THE DRAWINGS 
These and other objects, aspects, and embodiments of the present invention 
will be described in more detail with reference to the following drawing figures, in 
which: 

FIG. 1 A is a simplified diagram showmg a rectangular arrangement of pixel 
electrodes in cormection with orientation directions of substrates of an active-matrix 
liquid crystal display of a conventional configuration; 

FIG. IB is a simplified diagram showing a rectangular airangement of pixel 



electrodes in connection with orientation direOiODS of substrates of an active-matrix 
liquid crystal display in accordance with a first basic configuration of this invention; 

FIG. IC is a simplified diagram showing a rectaqgular arrangement of pixel 
electrodes in connection with orientation directions of substrates of an active-matrix 
liquid crystal display m accordance with a second basic configuration of this 
invention; 

FIG. 2 is a simplified sectional view of an active-matrix liquid crystal display 
in whidi a vertical electric field and a lateral electric field are generated by applying a 
prescribed voltage between a common electrode and pbcel dectrodes; 

FIG. 3 A is a graph showing an influence of a lateral electric field to a liquid- 
crystal molecule that is forced to build up by a vertical electric field in the 
conventional configuration shown in FIG. 1 A; 

FIG. 3B is a gr^h showing an influence of a lateral electric field to a liquid* 
crystal molecule that is forced to build up by a vertical electric field in the first basic 
configuration of this invration shown in FIG. IB; 

FIG. 4A is a simplified diagram showing a rectangular arrangement of pixe) 
electrodes in connection with orientation directions of substrates of an active-matrix 
liquid crystal display in accordance with a third basic configuration of this invention; 

FIG. 4B is a simplified diagram showing a rectaf^lar arrangement of pixel 
electrodes in cormection with orientation directions of substrates of an active-matrix 
liquid crystal display in accordance with a fi}urth basic configuration of tins invention; 

FIG. 5 is a circuit diagram showing an equivalmt circuit for pixels that are 
arranged in a matrix form to provide pixel electrodes^ switching elements, and signal 
lines in an active-matrix liquid crystal display in accordance with a first embodiment 
of the invention; 
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FIG. 6 is a plan view partly in section showing structures and arrangements of 
pixels of the active-matrix liquid costal display of the first ^bodiment of the 
invention; 

FIG. 7 is a cross-sectional view taken along line A-A* of FIG. 6; 

FIG. 8 is a cross-sectional view taken along line B-B* of FIG. 6; 

FIG. 9A shows an example of a combination of orientation directions 
imparted to orientation films formed on substrates; 

FIG. 9B shows another example of the combination of orientation directions 
imparted to the orientation films formed on the substrates; 

FIG. 9C shows a fiirther example of the combination of orientation directions 
imparted to the orientation films fbrmed on the substrates; 

FIG. 9D shows a still further example of the combination of orientation 
directions imparted to the orientation films formed on the substrates; 

HO. 10 is a cross-sectional view showing an example of the structure of the 
liquid crystal display of the first embodiment that is subjected to planarization 
processing; 

FIG. 11 is a cross-sectional view showing another example of the structure of 
the liquid crystal display of the first embodiment that is subjected to planarization 
processinig; 

FIG. 12A diagrammatically shows a combination of orientation directions 
imparted to upper and lower substrates with respect to embodiment 1; 

FIG. 12B diagrammatically shows a combination of orientation directions 
imparted to upper and lower substrates with respect to conventional art 2; 

FIG. 12C diagrammatically shows a combination of orientation directions 
imparted to upper and lower substrates with respea to conventional art 1; 



m 
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FIG. 12D diagrammatically shows a combination of orientation directions 
imparted to upper and low^ substrates with respect to embo^Mment 2; 

FIG. 13 A shows simulation results for transmittanc^ of light transmitted 
through a liquid crystal whose pre-tih an^e is 3^; 

FIG. 13B shows Emulation results for transmittances of light transmitted 
through a liqidd crystal whose pre-tih angle is IS**; 

FIG. 13C is a cross-sectional view showing a model of a liquid crystal display 
of a TN mode in which a liquid crystal is held between upper and lower substrates; 

FIG. 14 is a simplified perspective view showing diffierenf directions tor 
effecdng slanted deposition with respect to the TFT array substrate; 

FIG. 15 is a simplified cross-sectional view showing a model of the liquid 
crystal display of the second embodiment in which electric fields occur in response to 
line inversion drive; 

FIG. 16 shows an outline configuration of a liquid crystal display projector 
using liquid crystal light valves; 

FIG. 17 is a perspective view showing an appearance of a cellular phone using 
a liquid crystal display; 

FIG. 18 is a perspective view showing an appearance of a wristwatch using a 
liquid crystal display; and 

FIG. 19 is a front view showing a personal computer using a liquid Gcyml 

display. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
This invention will be described in fiirther detail by way of examples with 
reference to fhe accompanying drawings. 
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Before specifically describmg embodiments of this invention, basic 
configurations and operations of liqmd crystal displays of this invention ^mll be 
described with reference to various dra%ving figures. 

From studies and examinations to determine causes of display failure due to 
disclination in line and column inversion drives of liquid crystal dbplays, it can be 
concluded that relationships between directions of lateral electric fields occurring on 
active-matrix substrates and orientation directions of liquid-crystal molecules at an 
initial condition (or a non-power mode) are greaily involved in the occurrence of the 
cUsdination. Incidentally, the orientation direction of liquid-crystal molecules may be 
defined as the orientation direcdon of the orientation process effected on the substrate 
of the liquid crystal display. The details will be described with reference to various 
drawing figures. Hereinafler, descriptions are made provisionally with respect to the 
twisted nematic mode having a positive dielectric anisotropy. 

Figures 1 A. 1B« and IC diagrammatically show relationships between 
directions of lateral electric fields occurring on active-matrix substrates and orientation 
directions of liquid-crystal molecules. Specifically, FIO. lA shows a relationship 
between them with respect to a conventional configuration; FIG. IB shows a 
relationship between them with respect to a liquid crystal display of a first basic 
configuration of this invention; and FIG. IC shows a relationship between them with 
respect to a liquid crystal display of a second basic c<mfiguration of this invention. 
All Figures 1 A to IC show four pixel electrodes each denoted by a rectangular biodc 
Herein, a positive polarity potential (+) is supplied to two pixel electrodes 100a in the 
upper side, while a negative polarity potenrial (-) is supplied to two pixel electrodes 
1 OQb in the low^ side. Therefore, the lateral electric fields direct upwards. 

In Figures 1 A to IC, solid-line arrows 'Ra* designate oriratation directions 
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imparted to the active-matrix substme. These figureB are seated based on scan lines 
in a horizontal direction; therefore, the orientation directions Ra are set based on 
'horizontal' scan lines. In addition, each of the orientation directiosis Ra is denoted 
by a solid-line airow that is revolved in a coumerclodcwise direction with a certain 
a^gle ' 6 ' measured based on the horizontal scan line. In the case of the 
conventional configuration shown in FIG. lA, the orientation direction Ra of the 
active-matrix substrate is revolved in the counterclockwise direction with 90** firom the 
horizontal scan line. In the case of the first basic configuration of this invention 
shown in PIG. IB, the orientation direction Ra is not revolved in the counterclodcwise 
direction from the horizontal scan line; therefore^ 6 is set to 0^. In the case of the 
second basic configuration of this invention shown in FIO, IC, the orientation 
direction Ra is revolved in the counterclockwise direction with 135° firom the 
horizontal scan line. All of these figures are created with respect to the active-matrix 
liquid crystal display of the TN mode, wherein dotted-line anows *Kb' are also drawn 
to indicate orientation directions of opposite substrates. The orientation direction Rb 
of the opposite substrate is fiirther revolved in the counterclockwise direction with 90^ 
fiom the orientation direction Ra of the active-matrix substrate. 

FIG. 2 diagrammatically shows an electric field that is generated when a 
certain voltage is applied between a common electrode 101, and pixel electrodes 100a 
and 1 00b respectively. A positive potential is applied to the pbcel electrode 100a; a 
negative potential is applied to the pixel electrode 100b; and a ground potential is 
applied to the common electrode 101. A liquid crystal layer 103 is arranged between 
an active-matrix substrate 102 and its opposite substrate. In the actually 
manufactured product of the active-matrix liquid crystal display, prescribed 'effective^ 
potentials substantially establishing the aforementioned rdiationship b^ween potentials 
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are applied to the common electrode 101, and the pixel electrodes 100a and 100b 
respectively. In the electric field shown in FIG. 2, imaginary lines and curves are 
drawn to represent partial electric fields, namely, vertical and lateral electric fields. 
In an area to tfie left, a vertical electric field is generated in a direction fitim the center 
of the pixel electrode 1 00a to the common electrode 101. In an area to the right, a 
vertical electric field is generated in a direction from the common electrode 101 to the 
center of the pixel electrode 100b. In a certain area of the liquid crystal layer 103 that 
lies in proxiinity to the active-matrix substrate 102, a lateral electric field is generated 
in a direction from the pixel electrode 1 00a to the pixel dectrode 100b in their 
peripheral portions. 

The aforementioned vertical and lateral electric fields may have prescribed 
influences to liquid-crystal molecules, which will be described with respect to the first 
basic configuration of this invention shown in FIG. IB. In the case of the 
conventional configuration shown in FIO. 1 A, the orientation dinecfion Ra of the 
active-matrix substrate 102 lies in parallel to the direction of the lateral electric field 
that directs from the positively chazged pixel electrode 100a to ^ n^ativdy charged 
pixel electrode 100b. Herein, the orientation direction Ra corresponds to a long-axis 
direction of each liquid-crystal molecule in a non-power mode. FIO. 3 A shows an 
influence on a liquid-crystal molecule 1 10a due to a vertical dectric field (or a 
lon^tudinal electric field) 'EV and a lateral electric field (or a transverse electric 
field) '£L'. In the non-power mode, the liquid-crystal molecule 1 10a (see dotted 
mark in FIG. 3 A) lies in parallel to the substrate surface under the assumption that no 
pre-txlt is imparted thereto; therefore^ its long axis directs in parallel to the direction of 
the lateral electric field EL. 

l^en a prescribed voltage is ^plied between the common electrode and 
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pixel electrodes^ the liquid-crystal caolecule 1 1 Oa (see solid-line mark in FIG. 3 A) 
builds up under the influence of the verd(^ electric field, $0 that its long axis revolves 
in the counterclodrwise direction and stays along the direction of the vertical electric 
field EV. At this time« the lateral electric field EL imparts substantially no influence 
on the liquid-crystal molecule 110a diat lies in proximity to the center of the pixel 
electrode. That is, the liquid-crystal molecule llOa builds up substantially along Che 
direction of the vertical electric field EV. However, the lateral electric field imparts 
some influences to other liquid-crystal molecules that lie around the periphml portion 
of the pixel electrode. In the vicinity of the peripheral portion of the pixel electrode, 

'■4 

even though the liquid-crystal molecule is forced to build up along the direction of the 

M vertical electric field EV, it caimot fidly build up along the direction of the vertical 

^« 

electric field EV due to the influence of the lateral electric field EL. That is, the 

3 

liquid-crystal molecule around the peripheral portion of the pixel electrode tilts 

-S. 

^ towards the direction of the lateral electric field EL. Herein, a degree of tilting 

depends on a balance of forces between the vertical electric field and lateral electric 
field. The above-described phenomenon nuy cause separate regions in which liquid^ 
crystal molecules difTbr in orientations with respect to the center and the peripheral 
portion of the pixel electrode. This may be a cause of the ^disclination*, which in 
turn causes a display fiiihire in the conventional configmation. 

In contratt to the conventional configuration, the first basic configuration of 
this Invention (see FIG. IB) sets the orientation direction Ra substantially 
perpendicular to the lateral electric field. FIG. 3B shows that in the non-power mode^ 
a liquid-crystal molecule 1 1 Ob (see a dolled mark) initially lies in parallel to the 
substrate surface^ and its long axis is directed in a Erection fhree-dimensionally 
peipendicular to the lateral electric field EL. 
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When a prescribed voltage is applied between the common electrode and the 
pixel electrodes, the liquid-crystal molecule 110b (see solid-line marie in PIC. 3B) is 
forced to build up along the direction of the vertical electric field EV. Herein, the 
lateral electric field EL exerts substantially no influence on the liquid-crystal molecule 
110b that lies in proximity to the center of the pixel electrode; therefore, the liquid- 
crystal molecule 11 Oh builds up substantially along the direction of the vertical electric 
field EV. Even in the first basic configuration of this invention, the lateral electric 
field EL may exert small influence on other liquid-c»ystal molecules that lie around the 
peripheral portion of the pixel electrode. Howem; it can be said that the lateral 
electric field FJ« ex^ts very small influence on liquid-crystal molecules in dieir 
motions in the first basic configuration of this invention compared to flie conventional 
configuration. 

In the conventional configuration shown in FIG. 1 A in which the orientation 
direction Ra lies in parallel to the direction of the lateral electric field EL, even though 
the.iiquid-crystal molecule llOa initially lying in parallel to the substrate surface is 
forced to build up due to the influence of the vertical electric field E\^ the lateral 
electric field EL may force the liquid-crystal molecule 110a to move backwards and 
tawBids its original position. In short* the convootional configuration has a drawback 
in that the liquid-crystal molecule 110a is easily influenced by the lateral electric field 
EL. In contrast to the conventional configuraticm, the first basic configuration of this 
invention is designed in such a way that the orientation direction Ra is set in parallel to 
the direction of the lateral electric field EL. This shows that when the liquid-crystal 
molecule 1 10b initially lying in parallel to the substrate surface is fiirced to build up 
along the <jUrection perpendicular to the substrate surface^ the direction of the build-up 
motion of the liquid-crystal molecule 110b rectangularly crosses the direction of the 
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lateral electric field EL. That is, the liquid-^stal molecule 110b is hardly influenced 
by the latml electric field EL. Therefhre, it is possible to reduce the chance of 
occuitence of the disclination in the first basic configuration of this invention 
compared to the conventional configuration. As a result, it is possible to reduce the 
chance of occurrence of display failures due to the disclination. 

The aforementioned reasons that the first basic configuration of this invention 
can reduce the occurrence of the disclination may be partly repeated vnth respect to the 
second basic configuration of this invention shown in FIG. IC. In the case of the 
second basic configuration of this invention, long-axis directions of liquid-crystal 
molecules lying in proximity to the active-matrix substrate are slanted against 
alignment directions of electrodes, which are adequately allocated to distinct dectrode 
forming regions, namely, a first electrode group region and a second electrode group 
region formed in a directivity from the active-matrix substrate to its opposite substrate* 
That is, liquid-crystal molecules are arranged such that their long-axis directions are 
twisted between the first electrode group region and the second electrode group region. 
Like the first basic configMration of this invention, liquid-crystal molecules in these 
regions are hardly influenced by the lateral electric field in the second basic 
configuration of this invention compared to the conventional configuration because of 
a rectangular relationship between the orientation direction of the liquid-crystal 
molecules of intermediate layers of the liquid crystal and the direction of the lateral 
electric field. Therefore, it is possible to reduce the occurrence of llie disclination in 
the second basic configuration of Ais invention. 

The above is a qualitative description for operating principles of this invendon. 
the inventors, have made various tests and simulations with respect to 
transmission Actors (or transmittances) of active-matrix liquid crystal displays by 
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changing their orientation directions. Furthermore^ we have actually confirmed and 
obtained results that the first and second basic configuiBtions of this invention 
contribute to noticeable reductions of regions causing the disclination in the active- 
matrix liquid crystal display. ]>etails of simulation results will be described later. 

In addition* it is preferable that pre-tihing be imparted to liquid-crystal 
molecules lying in proximity to the active-matrix substrate* Preferably, fh& pre>-tilt 
angle is set in a prescribed range &om 3^ to 30°. In the existing conventional liquid 
crystal displays, pre-titt angles are set in a range from 1° to 3**, By increasing the 
pre-tilt angle further, liquid-crystal molecules will hardly be influenced by tiie lateial 
electric field; therefore, it is possible to further reduce the occurrence of the 
disclination. However, if the pre-tilt angle exceeds 30% the light transmillance of the 
display decreases in a white-color display mode; in other words, the screen of the 
display is unfavorably darkened. 

Concretely speaking, there are provided various types of methods for 
increasing the pre-tilt angle and regulating it in the desired ran^e from 3^ to 30". As 
an example of a method that is Siq>erior in control of the pre-tih angle, it is possible to 
provide a slanted deposition that is used to form an inorganic material film on the 
active-matrix substrate as its orientation film. By adjusting an angle of the slanted 
deposition, it is possible to adequately control the pre-tilt ang;le. In another example 
of the method that is efifective for increasing the pre-tilt anigle^ the slanted deposition is 
performed multiple times while changing dq>osition directions within the plane of the 
substrate, so that it is possible to fbrm a non-oriented film corresponding to a mixture 
of pillar structures of an inorganic material. Herein, the pillar structures contain pillar 
structures that are inclined in one direction and other pillar structures that are inclined 
in other directions. 
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As described above, this invention can reliably reduce the occurrence of the 
disclination due to the lateral electric field effected between adjoining pixel electrodes 
on the active-matrix substrate. When the surface of the Bctive-matrix substrate is 
smoothed and flattened ^th respect to the first and second electrode groiq> regions and 
other regions forming signal lines tar drivhig electrodes, it is possible to reduce 
occurrence of orientation failures in the formation of the OTientation film. Thus, it is 
possible to noticeably reduce occurrence of display feilures. 

Liddentally, the afbrememioned first and second basic configurations are 
designed for the active-matrix liquid crystal display of the TN G.e., Twisted Nemotic) 
mode that contains a liquid crystal whose twisted-nematic molecules have a twisting 
angle of 90^. Of course, the first and second basic configurations are not necessarily 
limited to the TN mode; hence, they can be applied to any other modes of liquid 
crystal displays. 

Next, other basic configurations of this invention will be described with 
ref^ence to Hgures 4 A and 4B, \i4ierein like the forcing configurations shown in 
Figures IB and IC, an active-matrix substrate pro\ddes a first electrode group region 
for Hneariy arranging electrodes supplied with picture signals of the same polarity and 
a second electrode group region for linearly arranging electrodes supplied with picture 
signals of the opposite polarity. The first and second groiq>5 of electrodes are 
arranged to adjoin with each other. This active-matrix liquid crystal display is 
advantageous because it can furthermore reduce influences of a lateral electric field 
that is generated in a power-on mode, especially with respect to the line inversion 
drive and column inversion drive. 

The third basic configuration of this invention shown In FIO. 4A provides a 
counterclockwise revolution of about 90^ for the orientation direction Ra^ ^^ch is 
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applied to liquid-crystal molecules lying in proximity to the active-matrix substrate in 
the non-power mode, compared to the direction of the lateral electric field EL that 
occurs in the power-on mode. Thus, it is possible to reduce influences of the lateral 
electric field EL imparted to liquid-crystal molecules in the power-on mode. That is^ 
it is possible to reduce occurrence of disclination due to the lateral electric field EL. 

The configurations shown in Figures 4A and 4B arc identical to the foregoing 
configurations shown in Figures IB and IC; hence, the detailed description thereof 
will be omitted. 

First Embodimmt 

Next, an active-matrix liquid crystal display will be described in detul in 
accordance with a first embodiment of the invention. 

The active-matrix liquid crystal display of the first embodiment Is of the TN 
mode, which will be described with reference to Figures S to 8. FIG. 5 shows an 
equivalent circuit for switching elements C-e., ihin-film transistorsX signal lines, and 
other electric components of pixels that are arranged in a matrix form on the screen (or 
display area) of the active-matrix liquid crystal display. FIG. 6 is a plan view 
showii^ adjoining pixels composed of data lines, scan lines, and pixel electrodes 
formed on a TFT array substrate Q.e.^ an active-matrix substrate). FIG. 7 is a cross- . 
sectional view of the illustration of FfG. 6 taken along line AwA\ and FIG. 8 is a 
cross-sactional view of the illustration of FIG. 6 taken along line B-B'. 

The illustrations of Figures 6 to 8 are adequately changed or adjusted in scales 
in order to clearly show layers and members in visually recognizable sizes and shapes. 

Each of the pixels thai are arranged in a matrix &im on the prescribed display 
area of the active-matrix liquid crjrstal display of the present embodiment shown in 
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FIG. 5 is composed of a pixd electrode 9 and a thm-film transistor (abfareviated in 
'TFT') 30, which is a switching element for the pixel electrode 9. In addition, a data 
line 6a transmitting a picture signal is wired vertically and is electrically connected to 
the source of the thin-film transistor 30. Therefore, the multiple data lines 6a arc 
respectively wired in connection with the multiple pixel electrodes 9 and are supplied 
with picture signals SI, S2, .... Sn. These picture signals are sequentially supplied to 
the data lines 6a in their numbering order. Alt«natively, the data lines 6a are divided 
into phiral groups each corresponding to adjoining pixels; hence, the picture signals 
m supplied to the data lines 6a with respect to each of the groups. A scan line 3a 
transmitting a scan signal is horizontally wired and is electrically connected to the gate 
of the thin-film transistor 30. Therefore, the multiple scan lines 3a are respectively 
wired in connection with the muhiple pixel electrodes 9 and are suppUed with scan 
signals GI, G2, . . .» Gm. These scan signals consisting of pulses occurring at 
prescribed timings are sequentially suppUcd to the scan lines 3a in then- numbering 
order. PurthCTmorv, the pncel electrode 9 is electrically connected to the drain of the 
thm-film transistor 30, which is turned on for a certain time period. By sequentially 
turning on the thin-film transistors 30, the picture signals SI, S2, Sn sequentially 
supplied onto the data lines 6a are respectively written to the fiquid crystal by the pixel 
electrodes 9 at prescribed timings. 

In the above, the picture signals SI, S2, Sn each having a prescribed level 
are written to a liquid crystal by means of the pixel electrodes 9 and are retained for a 
certain time period between the pfacel electrodes 9 and common electrodes, which will 
be described later. The liquid crystal is varied in orientation and organization of 
molecular aggr^arions due to vohage levels BppHtd thereto, so that light modulation 
occurs to enable gradations in display. In the case of the so-called 'normally white 
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mode', for nample, the incident light is decreased in transmission value in response to 
the applied vohage. In the case of the 'normally black mode\ the incident Hght is 
increased in transmission value in response to the applied voltage. Tlius, the liquid 
crystal display outputs light having the prescribed constant in response to the picture 
signals. In order to avoid leakage of picture signals retained in the liquid crystal for a 
while, an accumxdative capadtance 70 is additionally provided in parallel ^th the 
capacitance of the liquid crystal that is held between the pixel electrode 9 and the 
common electrode. 

FIG. 6 shows that nuiltiple 'transparent' pixel electrodes 9. whose contours are 
shown by dotted lines 9 A are arranged in a matrix form consisting of rows and 
columns on the TFT array substrate of the liquid crystal display of the present 
embodiment. Along boundaries of the pixel electrodes 9, the data lines 6a arc wired 
vertically ^i^le the scan lines 3a and capacitance lines 3b are wired horizontally. 
Specifically^ the data line 6a, scan line 3a, and pixel electrode 9 are arranged in 
connection with a semiconductor layer la that is con^sed of polysilicon film, fiw 
example. That is. the data line 6a is electrically connected to the source region of the 
semiconductor layer la via a contact hole 5; and the pixel electrode 9 is electrically 
coxmected to the drain region of the semiconductor layer la via a contact hole 8. In 
addition, the scan line 3a is arranged opposite to the channel region (see a hatched part 
in FTG. 6) of the semiconductor layer 1 a. Therefore, Ae prescribed part of the scan 
line 3 a directly ananged opposite to the channel re^on acts as a gate electrode. The 
material for the semiconductor layex la is not necessarily limited to the polysilicon; 
hence, it is possible to use other matmals, one of which is a laminati on of single 
ciystal silicon^ for example. 

The capacitance line 3b is composed of two regions, namely, first and second 
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regions. The first region of the capacitance line 3b is a linear portion that 
substantially extends stnught along the scan line 3a in plan view. The seooiMl region 
of the capacitance line 3b is a projection portion that projects upwards (i.e., towards its 
adjacent pixel of an upper row) along the data line 6a in plan view from the 
intersection of the capacitance line 3b and the data line 6a. First lig^ shield or 
shading films (see horizontally elongated hatched portions, simply referred to as first 
shield films) 11 a are arranged and horizontally extend along the scan lines 3 a 
respectively. Each of the first shield films 1 1 a is positioned to cover the prescribed 
area of the thin-film transistor 30 including the channel region of the semiconductor 
layer la in the view of the TFT array substrate. Spedfically, the first sUeld film 11a 
is composed of two regions, namely, a linear portion and a projection pmntion. The 
linear portion of the first shield film 1 la is arranged opposite to the capacitance line 3b 
and extends straight along the scan line 3 a. The projection portion of the first shield 
film 11a projects downwards (i.e., towards its adjacent pixel of a lower row) along the 
data line 6a in plan view from the intersection between l3ie data line 6a and fhe first 
shield film 1 1 a. A tip end of the 'downward' projection portion of fhe first shield 
film 1 la for each row of pixels overiaps with a tip end of the *upward* projection 
portion of the capacitance line 3b fi:>r the next row of pixels under the data line 6a. At 
such an overlap area, a contact hole 13 is arranged to provide a mutual electric 
connection between the first shield film 11a and Ae capacitance line 3b. That is« the 
first shield film 11a is electrically connected to fhe capacitance line 3b for fhe next row 
of pixels via the contact hole 13. 

With reference to FIG. 7, a description will be given with respect to a 
sectional structure (A-A') of the liquid crystal display of the present embodiment, 
which has a 'tiansparrat* TFT array substrate 10 and an opposite substrate 20. The 
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TFT array substrate 10 is con^osed of quartz, silica, or hard glass, while the opposite 
substrate 20 is composed of quartz, silica, or glass, for example. The TFT amy 
substrate 10 has a pixel electrode 9, which is a transparent conductive film composed 
of an indium tin oxide (abbreviated *ITO*X for example. A thin-film transistor (TFT) 
30 is arranged adjacent to the pixel electrode 9 on the TFT amy substrate 10, and it 
acts as a switching element for a switching control of the pbcel electrode 9. The Ihin- 
film transistor 30 has a so-called lightly doped drain (UDD) structure, which provides 
a scan line 3a, a channel region la* of a semiconductor layer la whose channel is 
formed by an electric field caused by the scan line 3a, an insulation thin film 2 fi^r 
insulating the scan line 3a and the semiconductor layer 1 a, and a data line 6a, as well 
as a lotv concentration source region lb, a low concentration drwn rqpon Ic^ a higb 
concentration source region Id, and a high concentration drain region le of the 
semiconductor layer la. 

A second-interlayer insulation film 4 is formed above the insulation film 2 on 
the TFT array substrate 10 so as to contain the scan line 3a and the capacitance line 3b. 
In the second-interlayer tosulation film 4, a contact hole 5 is formed to conununlcale 
with the high concentration source r^ion Id in rdatlon to the data line 6a, and a 
contact hole 8 is formed to communicate with the high concentration drain region 1 e in 
relation to the preel electrode 9. That is, the data line 6a is electrically connected to 
the high concentration source region Id via the contBCt hole 5 penetrating through the 
second-interlayer insulation film 4. In addition, a third-interiayer insulation film 7 is 
formed above the data line 6a and the second-interlayer insulation film 4. The 
contact hole 8 communicating with the high concentration drain r^on le is also 
formed to penetrate through the third-interlayer insulation film 7. That is, the high 
concentration drwn region 1 e is electrically connected to the pixel electrode 9 via the 
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contact hole 8 that penetrates through the second-mteriayer msulation film 4 and the 
third-tnterlayer insulation film 7 respectively. Isddentally, an electric connection 
between the pixel electrode 9 and the high concentration drain r^on le can be 
established by way of an aluminum film* which forms the same layer for the data line 
6a> or a polysilicon film which fbrms the same layer fosr the scan line 3a. 

Tt is preferable that the thin-film transistor 30 employ the aforementioned 
LDD structure. It is possible to employ an offiset structure in which impiuity ions are 
not implanted into prescribed regions correspondix^ to the low concentration source 
r^on lb and the low concentration drain region Ic. Alternatively, it is possible to 
use a thin-film transistor of a self aligrmient Qrpe in which the high concentration 
source r^on and high concentration drain r^on are formed xuaing the gate electrode 
as a mask in a self-matching maimer by implantation of impurity ions at a high 
concentration. 

The present embodiment employs a single gale structure for the thinr-film 
transistor 30 in which only a single gate electrode coirespondmg to a part of the scan 
line 3a is arranged between the source region and drain region. Of course, it is 
possible to arrange two or more gate electrodes between the source region and drain 
region, wherein the same signal is supplied to both the gate electrodes. That is, it is 
possible to construct the thin-film transistor 30 havmg dual gates (or double gates), 
triple gates, or more. By arranging two or more gate electrodes between the source 
region and drain region^ it is possible to prevent current leakage fiom occurrir^ at the 
channel and the joint portion between the source region and drain r^on. Thus, it is 
possible to reduce an electric current flowing through the thin-film transistor thai is 
turned off! Inddentally, it is posable to modify the thin-film tran^stor in such a way 
that at least one gate electrode employs the LDD structure or offset structure. 
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As shown in Figures 7 and 8, the insulation diin film 2 that acts as a gate 
insulation film is extended finm the prescribed position opposite to the gate electrode, 
which corresponds to a part of the scan line 3a, and is used as a dielectric film. The 
semiconductor layer la is extended to form a first accumulative capacitance electrode 
If. In addition, a part of the capacitance line 3b opposite to the aforemendoned 
dielectric film zM the first accumulative c£4>acitance electrode If is used as a second 
accumulative capacteance electrode. Thus, an accumulative capacitance 70 is 
constructed by the combination of the dielectric film, first accumulative capadtance 
electrode If, and second accumulative capacitance electrode. Specifically, the high 
concentration drain region le of the semiconductor layer la is extended beneath the 
data line 6a and the scan line 3a, so that its extended portion is airapged opposite to a 
part of the capacitance line 3b, which is extended along the data line 6a and the scan 
line 38, via the insulation thin filwi 2 as the first accumulative capacitance electrode If. 
The accumulative capacitance 70 can be formed with a relatively small area and a 
large capacitance when the insulation thin film 2 that acts as a dielectric for the 
accumulative capacitance 70 has a small thickness and a high pressure resistance, in 
particular, when the insulation thin film 2 matches the gate insulation film of the thin- 
film transistor 30 that is formed on the polysilicone film by high temperature 
oxidation. 

As shown in FfG. 7, the first shield film 1 1 a is feimed at Ae prescribed 
position realizing fbrmation of the tiiin-film transistor 30 that is formed on the surftce 
of the TFT array substrate 10. In addition, a first-interiaycr insulation film (or an 
insulation layer) 12 is arranged between the first shield film 11a and multiple thin-film 
transistors 30. The first-interlayer insulation film 12 is provided to electrically 
insulate the semiconductor layer 1 a, which forms a part of the thin-film tranustor 30. 
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fiom the first shield film 11a. The first-interlayer insulation film 12 ia formed on the 
entire sui&ce area of the TFT array substrate 10. In order to eliminate differences of 
patterns of the first shield film 11a in height, the planarization process is performed by 
surface polishing. This planarization process is important to laminate single crystal 
silicon together. The first-interlayer insulation film 12 is composed of a highly 
insulating glass, silicon oxide film, or silicon nitride film, toe example. The first- 
interlayer insulation film 12 can prevent the first shield film 11a from contaminating 
the thin-film transistor 30 beforehand. 

The first shield film 1 la and the capacitance line 3b electrically connected 
thereto are connected to a constant potential source (not shown); hence» both the first 
shield film 11a and the capacitance line 3b are set at the constant potential. Therefore, 
even though the thin-film transistor 30 is arranged opposite to the first shield film 11a, 
it would not be badly influenced by potential variations of the first shield film lla. In 
addition, the capacitance line 3b can reliably function as the second accumulative 
capacitance electrode for the accumulative capadtance 70. As the constant i>otential 
source, it is posriblc to use a negative or posidve power source fbr supplying electric 
power to peripheral circuhs (e.g., scan line drive circuits, data line drive drcuits, etc) 
driving the liquid crystal display, a ground power source, and a constant potential 
source for supplying the constant potential to the common electrode. By using flie 
aforementioned power source for the periphtf al circuits and the like, it is possible to 
set both the first shield film 1 1 a and the c^acitance Ime 3b at the constant potential 
without providing dedicated potential lines and external input terminals. 

In FIG. 7, the first shield film 1 1 a is arranged opposite to the first 
accumulative capacitance electrode If via the first-4merlayer insulation film 12 in the 
opposite side of the capacitance line 3b that acts as the second accumulative 
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capadlunce electrode, so that it acts as a third accumulative capadtance electrode for 
the accumulative capacitance 70 (see its right side). Since the first shield film 11a 
acts as the third accumulative capacitance electrode^ it is possible to further provide an 
additional accumulative capadtance for the accumulative capadtance 70. The 
present embodiment provides a double accumulative capacitance struoture at both 
sides of the first accumulative capacitance electrode 1^ so that it increases the 
accumulative capacitance 70 further more. 

As shown in Figures 6 and 7, the TFT array substrate 10 provides the first 
shield fihn 11a, which is electrically connected to the c^adtance line 3b bdng wired 
for the former row or latter row in arrangement of pfacels« via the contact hole 13. 
Compared with the forgoing structure in which the iirsi shield film 11 a is only 
connected with the capacitance line wired for the next row of pixels, it is possible to 
reduce differences between a certain region, in which the capacitance line 3b and the 
first shield film 1 la are fbrmed being overlapped with the data line 6a sHong edges of 
an opening area of each pixel, and other regions* That is, the present embodiment can 
noticeably reduce differences being fbrmed aloiig edges of opening areas of inxels. 
Therefore, it is possible to reduce the occurrence of disclination (or orientation &ilure) 
of the liquid crystal caused by the differences. In other words, it is possible to 
enlarge an opening area whh respect to each pixel. The contact hole 13 is opened at 
the prescribed position in the projection portion of the first shield film 11a that projects 
fix>m its linear portion. Aa the opening of ihe contact hole 13 is positioned doser to 
edges, stress may be easily released from the edges SO that cracks will hardly be 
formed. 

Because of the provision of the first shield film 1 la beneath the thin-film 
transistor 30. it is posuble to effectively prevent return light (or bade light) from bdng 
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incident on the channel region la' of the semiconductor layer la as wdl aa its LDD 
structure regions^ namely, the low concentration source region lb and the low 
concentration drain region Ic. Since the present embodiment is designed such that 
the first shield film 11a is connected to the capacitance tine 3b wired for its ibnner or 
latter adjoining row of pixels, it is necessary to provide the capacitance line for 
supplying tiie constant potential to the ftrsx shield film 1 1 a with respect to the 
uppermost or lowermost row of pixels. For this reason, the total number of 
capacitance lines is increased by one compared to the total number of rows of pixels or 
the total number of pixels vertically arranged on the screen of the diqilay. 

The opposite substrate 20 provides a second shield film 23 that is formed and 
arranged opposite to the foregoing regions forming the data line 6a» scan line 3a, and 
thin-film transistor 30 on the TFT array substrate 10 except the opening area of each 
pixel. In addition, the second shield film 23 is completely covered with a common 
electrode 21 that is fonned on the entire surface area of the opposite substrate 20. 
Similar to the forgoing pixel dectrode 9 formed on the TFT amy substrate 10, the 
common electrode 21 is made by the transparent conductive film composed of the ITO 
or the like. Due to the provision of the second shield film 23, it is possible to prevent 
the incident light incoming firom the opposite substrate 20 from being transmitted into 
the channel region la\ low concentration source r^on lb, and low concentration 
drain region 1 c of the semiconductor layer 1 a. Li order to improve the contrast of the 
display, or in order to provide a color fiker function, the second shield film 23 provides 
a so-called ^black matrix' function for avoiding miTrture of colors. 

An orientation film 36 is formed above the pixel electrode 9 and the third- 
interlayer insulation fihn 7 on the TFT array substrate 10, while an orientation film 42 
is formed beneath the common electrode 21 of tiic opposite substrate 20. Both the 
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orientation films 36 and 42 are made of inoiganic films composed of SiO or resin films 
composed of polyimide, for example. In addition, a liquid crystal composed of 
crystals of a positive dielectric anisotropy is narrowly held between the substrates 10 
and 20. Since the present embodiment realizes the TN mode, a prescribed orientation 
process is effected in such a way that the orientation films 3 6 and 42 are twisted in 
their orientation directions with a twisting angle of 90". FIG- 6 shows a presmbed 
relationship between orientarions of the orientation films 36 and 42. That is, the 
orientation film 36 of the TFT array substrate 10 has an orientation direction Tta* (see 
solid-line arrow) whose angle is 0% so that its orientation is directed firom the leR to 
the right along extending directions of the scan lines 3a. In contrast, the orientation 
film 42 of the opposite substrate 20 has an orientation direction 'Rb' (see doltcd-line 
arrow) whose angle is 90^ so that its oricntetion is directed fixjm the below to the 
above along extending directions of the data lines 6a. 

As the orientation process^ it is possible to employ various methods in 
response to types of tiie orientation films. In the case of the orientation film 
composed of SiO, for example, the slanted de|>osition is effected to form an SiO film 
so that the orientation direction for the orientation film can be controlled by an 
adequate selection of the deposition direction within the plane of the substrate, in other 
words, by an adequate selection of the directional range of atoms that move fi^om the 
deposition soiirce to the substrate. In the case of the orientation film composed of 
polyimide, the rubbing method may be used for the orientation process so ttat the 
orientation direction for the orientation fihn can be controlled by an adequate selection 
of the rubbing direction in which the polyimide fifan is rubbed by a rubbing doth. 

The liquid crystal display of the present embodiment is designed to perform 
the line inversion drive. In FIG, 6, the pixel electrodes 9 are divided into two groups 
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in such a way that horizontally adjoining pixel electrodes which are aligned along one 
scan line 3a are selected for a first electrode group, while oAer horizontally adjoining 
pixel electrodes which are aligned along one scan line 3a and which also adjoin with 
the pixel electrodes of the first electrode group along the data lines 6a are selected for 
a second electrode group. Polarities of picture signals supplied to these pixel 
electrodes are alternately changed over in response to each of the fi^mes. Thai is, in 
a certain fi-ame, when picture signals of a positive (+) polarity are supplied to the pixel 
electrodes of the first electrode group, for example^ picture signals of a negative (-) 
polarity are supplied to the pixel electrodes of the second electrode groiq>. In the next 
firame, the polarities aze changed over so that picture signals of a negative polarity are 
supplied to the pixel electrodes of the first electrode group while picture signals of a 
positive polarity are supplied to the pixel electrodes of the second electrode group. In 
short, picture signals of different polarities are respectively supplied to vertically 
adjoining pixel electrodes that are aligned along the data lines 6a and that helong to the 
first and second electrode groups respective. 

The liquid crystal display of the present embodiment provides fhe prescribed 
relationships between orientation directions of liquid-crystal molecules and polarities 
of picture signals supplied to the pixel electrodes 9 being driven, which is shown in 
FIG. IB. That is. the Erection of the lateral electric field that occurs in the power-on 
mode oiosses at an approximately right angle with the orientation direction imparted to 
the TFT airay substrate 10. Thereibre, as described before with refiunence to die first 
basic configuration of this invention shown in FIG. IB, an effecting direction of the 
lateral electric field crosses at an approximately right angle with a moving direction of 
a liquid-crystal molecule that is building up fiom the horizontally lying state G.e., the 
parallel state with the substrate surface) to the vertically standing state; henco^ the 
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liquid-crystal molecule is hardly influenced by the lateral electric field. Tbua, it is 
.possible to reduce the occurrence of disclination in the liquid oystal display of the 
present embodiment compared to the conventional liquid crystal display. As a neaiH. 
it 19 possible to reduce the occurrence of display ftilures due to the disclinatioa 

In the conventional liquid crystal display, the 'initial' pre-tilt angle for the 
liquid-crystal molecule in the non-power mode is set to a certain range fitim 1^ to 3^. 
Of course, the liquid crystal display of the present embodiment can use such a small 
range for the pre-tilt angle of the Iiquid-ciystal molecule. However; when a lai^ger 
pre-tih angle approximately ranging finom S'' to 30° is imparted to the liquid-crystal 
molecule, it can be said that the liquid-crystal molecule will be hardly mfhienced by 
the lateral electric field; therefore^ it is possible to reduce the occurrence of 
disclination further, Thus» it is preferable to impart a larger pre-tilt angle to the 
liquid-crystal molecule for the purpose of a further improvement of the display quality. 
When the pie-tilt angje exceeds 30^ the light transmittance at the white display mode 
is reduced so that the display will be darkened. Therefore, it is unfavorable to 
increase the pre-tih angle over 30^. 

It is possible to provide various methods for increa^ng the pre-tilt angle in a 
larger range from 3 " to 30" compared to the conventional range. One method that 
provides a superior controllability fbr the pre-titt angle is the slanted deposition 
method in which slanted deposition is effected to form an inoiiganic material film on 
the TFT array substrate 10 as the forgoing orientation film 36. In this method, it is 
possible to control the prc^tih angle by adjusting the deposition angje by which the 
slanted deposition is performed on the substrate surface. In order to effectively 
increase the pro-tilt angle, it may be necessary to perform slanted dq)ositiOD multiple 
times while changing its deposition direction within the plane of the substrate. That 
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is, the slanted dqiosition is performed multiple times to form an oriemadon film 
corresponding to a mixture of pillar structures of inorganic materials inclined in one 
direction and other pillar structures of inorganic materials inclined in other directions. 

In the present embodiment* an orientation process whose angle is 0^ is 
performed with respect to the orientation film 36 formed on Ihe TFT array substrate 1 0, 
and another orientation process vi4iose angje is 90° is perfbrmed with respect to the 
orientation film 42 formed on the opposite substrate 20. Of course, this invention is 
not necessarily limited to such a combination of orientation direction^ hence» it is 
possible to employ other combination of orientation directions^ which will be 
described with referrace to Figures 9A to 9D. That is, FIG. 9 A shows thai an 
orientation process whose angle is ISC' is performed on the orientation film 36 for the 
TFT array substrate 10, and an orientation process whose angle is 90* is performed on 
the orientation film 42 for the opposiu substrate 20. The orientation directions are 
not necessarily limited to the vertical and horizontal directions in the matrix 
arrangement of the pixel electrodes 9. That is» it is possible to provide an angle of 
45** with respect to die aligimient direction of the pixd electrodes 9 supplied with 
picture signals of the same polarity. FIG. 9B shows thai an orientation process whose 
angle is 45° is perfbrmed on the orientation film 36 for the TFT array substrate 10, and 
an orientation process whose angle is 3 IS"* is performed on the orientation film 42 for 
the opposite substrate 20. FIG. 9C shows that an orientation process whose angle is 
22S'' is performed on the orientation film 36 for the TFT array substnte 10, and an 
orientation process whose angle is 135'' is performed on the orientation film 42 for the 
opposite substrate 20. FIG. 9D shows that an orientation process whose angle is 3 IS*" 
is performed on the orientation film 36 for the TFT array substrate 10, and an 
orientation process whose angle is 45^ is performed on the orientation film 42 fbr the 
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opposite substrate 20, By chan^g the combinatioii of orientation direcdons 
respectively imparled to the orientation films 36 and 42 for the TFT array substrate 10 
and the opposite substrate 20, it is possible to adequately set a dear viewing direction 
for the user of the liquid crystal display. Incidentally, liquid-crystal molecules 
arranged between the TFT array substrate 10 and the opposite substrate 20 are twined 
in the prescribed direction, which is either the clockwise direcdon or counterclockwise 
direction in plan view. 

Since the present embodiment is designed as the liquid crystal display of the 
TN mode, the testing angle of liquid crystal molecules is set to 90". Of course> this 
invention is not necessarily limited to the TN mode, so that ^ twisting an^e of 
Iiqmd-<aystal molecules is not necessarily limited to 90^. If the twisting ang^le of 
liquid-crystal molecules is to a certain angle other than 90^ it may be possible to 
provide a greater number of variations for the combination of orientation directions 
other than the aforementioned combinations of orienUtion directions. In this case, 
however, it is necessary to satisfy the following condition (1) or (2). 

(1) The orientation direction imparted to the TFT array substrate 10 should be 
determined along alignment directions of pixel electrodes 9 of the first and 
second electrode group, each of which is supplied with picture signals of the 
same polarity. 

(2) One of the orientations of the orientation film 36 for the TFT array substrate 10 
and the orientation of the oricntadon film 42 for the opposite substrate 20 should 
be directed towards the first electrode group re^on, while the other should be 

. directed towards the second electrode group region. 

Incidentally, the presem embodiments uses the right angle or its half angle as 
die basis for determination of the orientation angles, which may be set to 0*, 45^ and 
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90% for example. However, this invention allows a c«tain range of errors or maigins 
corresponding to ±5'' deviation from the aforementioned orientation angles. This is 
because in the actual manufacture of the liquid crystal display, variations within 5^ or 
so may be estimated for the orientation angles due to positional deviations for the 
lamination of substrates (in particular, positional deviations within planes of substrates 
in their revolving directions) as well as angular deviations caused by orientation 
processes such as the rubbing and slanted dq>osition. 

The present embodiment describes the liquid crystal display operating with 
the line inver^on drive in vAixch picture signals of different polarities are respectively 
yj supplied to adjoining rows (or lines) of pixel electrodes horiasontally aligned. Of 

SI course, this invention is applicable to the other liquid crystal displays c^erating with 

the column inversion drive. The column inversion drive revolves by 90** the lateral 
electric field and orientation in their directions compared to those of the line inversion 
drive. Therefore, the present embodiment can be easily modified to accommodate the 
column inversion drive^ wherein it is possible to obtain the same operation and efiBMt 
of the line inversion diive. 

In the present embodiment, the data line 6a» scan line 3a^ and capacitance line 
3b are formed at the peripheral portion of the pixel electrode 9, which is raised in 
height compared to the crater portion, so that height differences are formed between 
the center portion and periphmd portion shown in FIG. 8. Even thougji the present 
embodiment can effectively reduce the occurrrace of disclination due to the lateral 
electric field, there remains a possibility that the disclination may occur due to 
orientation failures at the height differences. By effecting a planarization process on 
the substrate surface with respect to the center portion and the peripheral portion 
forming the signal lines (e.g., 6a and 3a) and capacitance line 3b, it is possible to 
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reduce the occurrence of orientadon fiailures in orientation processes. Thus, it is 
possible to further reduce the occurrence of disdination. 

Details of the planarization process will be de^fcribed with reference to 
Figures 10 and 11. In FIG. 10, an etching process is performed on the transparent 
substrate so that a channel 1 Oa having a prescribed depth is formed at the prescribed 
peripheral area used for the fonnation of the data line 6a and the capacitance line 3b in 
advance. By embedding the data line 6a and the capacitance line 3b in the channel 
10a, it is possible to make the substrate surface (Le., surfece of the orientation film 36) 
substantially planar. Alteimtively, in FIG. 1 1, the third-inlerlayer insulation film 7 
covering the data line 6a and tiie c^>8C»tance line 3b is made thicker, and thereafter, 
the CMP method is used to polish the surface of tiie third-interlayer insulation film 7 to 
be planar, thus, it is possible to make the substrate surfoce (i*c., surfitoe of the 
orientation film 36) planar. Incidentally, another method can be employed to realize 
the same structure shown in FIO. 11. That is, the third-intedayer insulation film 7 is 
formed using a boron phosphorus silicate ^ass (abbreviated in 'BPSG*), and thereafter, 
a heating process is effected on the BPSG film to reflow, so tfiat the surface of the 
third-interlayer insulation film 7 is made planar. Alternatively, a 'spin on glass' 
(S06) material having a high fluidity can be used to form the thlrd-interiayer 
insulation film 7, so that the substrate surface can made more planar. It is necessary 
to perform the planari^Btion process on the interlayer insulation film, which is not 
necessarily limited to die third-interlayer insulation film 7. That is, the planarization 
process can be performed on the second-interlayer insulation film 4. Altemativdy, it 
is possible to perform the planarization process on multiple interlayer insulation films. 

In order to demonstrate the efiects of the present embodiment, a variety of 
simulations w^e p^formed with respect to transmittances of liquid crystals while 
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fttinnging their orientation directions in relation to directions of lateral electric fields 
occiuring on substrates. Results of the simulati<»is will be described below. 

Simulations for transmrttanccs of liquid crystals were performed using a 
model of a liquid cfystal display of the TN mode shown in FIG. 13C, wherein a liquid 
CTystal SO is held between a lower substrate 60 and an upper substrate 62. Pixel 
electrodes 61a and 61b both having planar surfaces are arranged on the lower substrate 
60, while a common electrode 63 is airanged beneath the upper substrate 62. The 
simulations are performed by applying a positive potential (+) to the pixel electrode 
61a while applying a negative potential (-) to the pixel electrode 61b. That is, the 
model of FIG. i3C is used to perform simulations with respect to four cases shown in 
Figures 1 2A to 1 2D. The simulations are performed in the presoibed conditions or 
dimension that the interval of distance between the pixel electrodes 61a and 61b is 1 m 
m, the cell gap is 3 /x m, and the efiFcctivc voltage applied to the liquid crystal 50 is 5 V 

Figures 12Ato 12D show different combinations of orientation directions, 
wherein reference symbol ^Ra' designates an orientation direction imparted to the 
lower substrate 60, and 'Rb* designates an orientation direction imparted to the upper 
substrate 62. Namely, FIG. 12A shows 'embodiment 1* in whidi Ra is 0^ and Rb is 
90**; FIG. 12B shows 'conventional art 2' in which Ra is 45% and Rb is 135**; FIG. 
12C shows 'conventional art T in which Ra is 90**. and Rb is 180"*; and FIG. 12D 
shows 'embodiment 2* in which Ra is 13 5% and Rb is 225''. 

The simulation results are shown in Figures 13 A and 13B. Spedfically, FlO. 
13 A shows simulation results with respect to the pre-tilt angle of 3'' imparted to liquid- 
crystal molecules, and FIG. 13B shows simulation results with respect to the pre-tih 
angle of 15"* imparted to Hquid-crystal molecules. The horizontal axis in Figures 13 A 
and 13B represents the position {unt} deviated in the horizontal direction from the 
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prescribed origin corresponding to a midpoint of the interval between the adjoining 
pixel electrodes 6la and 61b, while die vertical axis represents the transmittance [%] 
of light transmitting through the liquid crystal 50, Inddentally, the simulation results 
of Figures 13A and 13B are produced in relation to the 'black' display; hence^ the peak 
region of the light transmittance indicates the occurrence of disclination. Therefore^ 
it is possible to read fix)m the graphs of Figures 13 A and 13B that a leakage of light 
may occur at the position corresponding to the peak re^on of the light transmittance. 

In FIG. 13 A showing sintiulation results wth respect to the pre-tilt angle of 3^ 
the conventional art 1 provides a peak of the light transmittance whose width ranges 
±2.2 M m, while die embodiment 1 provides peaks of the light transmittance whose 
total width ranges only ± 0.8 /i m. In addition, the conventional art 2 provides peaks 
of the light transmittance whose total width ranges ±2.5 /x m, i^le the embodiment 
2 provides a peak of the light transmittance whose width ranges only ±2.0 ^ ni. FIG. 
13 A shows that the peak width of the light transmittance is noticeably reduced in both 
the embodiment 1 and embodiment 2 compared to the conventional ait 1 and 
conventional art 2. This mdicates that areas of disclination can be noticeably reduced 
in the embodiments compared to the conventional arts. Similar simuladon results are 
shown in FIG. 13B in which the pre-tilt ai^e is set to 15**. 

Comparing between peaks of the embodiment 1 shown in Figures I3A and 
13B, ft can be said that the pre-tih angle of 15^ provides a smaller peak widdi 
compared to the pre^H angle of 3 ^, Comparing between peaks of the embodiment 2 
shown in Figures 13 A and 13B, it can also be said that tiie pre-tilt angle of IS*" 
provides a smaller peak width compared to the pre-tilt angle of 3^. That is, by 
increasing the pre-tilt angle impaited to liquid-crystal molecules,, it is posdble to 
reduce areas of disclination, which can be proved by a conq)arison between Figures 
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13Aand 13B. 

Second Embodiment 

Next, an active-matrix liquid caystal display will be described in accordance 
with a second embodiment of the invention. The liquid crystal display of the second 
embodiment is constructed similarly to the foregoing first embodiment shown in 
Figures 5 to 8; hence, the duplicate description will be omitted. 

Jn the second embodiment (see FIG. 7), the uppermost surface of Ae TFT 
array substrate 10 corresponds to the surface of tiie pixel electrode 9 that covers the 
prescribed area of the third-interlayer insulation film 7 as well as the sui&ce of the 
third-interlayer insulation film 7 tiiat is not covered with the layer of the pixel 
electrode 9. . On the uppermost surface of the TFT array substrate 10, an inorganic 
orientation film 36 is formed by the slanted deposition method using the inorganic 
material such as a silicon oxide. The inoiganic orientation film 36 is composed of at 
least one kind of pillar structure in which the pillars are arranged and inclined in the 
specific Erection. In addition, an orga^c orientation film 42 composed of 
orientational high molecules of a polyimide is formed on the lowermost surface of the 
opposite substrate 20 that is covered with the common electrode 21. A rubbing 
process is performed on the surface of the organic orientation film 42, \^ch is rubbed 
in a'c0tain direction by the rubbing doth. A liquid crystal SO having a positive 
dielectric anisotropy is held between the TFT array substrate 10 and the opposite 
substrate 20, specifically, between the orientation films 36 and 42. 

FIG. 7 shows that a relatively large number of layers are formed on the TFT 
array substrate 10, whmin the inorganic orientation film 36 is formed on die pixel 
electrode 9 and the ihird-interlayer insulation film 7 that provide a relatively large 
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number of difGvences in height In FIG. 7, reference numeral 81 designates a pixel 
peripheral portion in which the data line 6a, scan line 3a^ capadtanoe line 3b, tbin-fihn 
transistor 30, and first shield film 1 la arc formed on the surfiw^ of the bed (i.e^ pixel 
electrode 9 and third-interlayer insulation film 7) used for the formation of the 
inorganic orientation film 36, and reference numeral S2 designates a pixel center 
portion in which the pixel electrode 9 is formed and which does not contain the area of 
the capacitance line 3b. A greater number of layers are formed in the pixel peripheral 
portion 81 compared to the pixel center portion 82. For this reason, a relatively laige 
difference 80 is formed between the pixel peripheral portion 81 and the pixel center 
portion 82. 

The height of the difference 80 ranges from approximately 200 nra to tOOO 
nm, for example. Such a laige difference 80 may not be negligible in comparison 
with the thickness of the tnoiganic orientation fihn 36 that ranges from 5 nm to 50 nm, 
for example. Recently, as the liquid crystal displays are manu&otured with a very 
fine structure, it is required to reduce pitches between pixels and increase the total 
number of pfaccls on the screen. This leads to an increase of the ratio of the diffbrence 
80 against the total area of the pixel on the TFT array substrate 10. 

If an oi£amc orientation film is formed on the sui&ce of the TFT array 
substrate having many differences, a rubbing process will feil when the rubbing cloth 
is not brought into contact with the neighboring area of the diffisrenee 80. That ig, it 
is very difficult to completely perform the nibbmg process over the eoiire surftce area 
of the ^cTganic' orientation fihn formed on the TFT array substrate. This may cause 
orientation failures and display faihires. 

The present embodiment eliminates the necessity of performing the robbing 
process with respect to the TFT array substrate 1 0 having many differences. That is. 



41 

the present embodiment employs the inoiBanic orientation film 36 \^ch can grow 
without being influenced by the difference 80 compared to the organic ori^ttation film. 
Therefore, it is possible to make the orientation film 36 without defects. Thus, it is 
possible to reduce the occurrence of display failures due to defects of the orientadon 
film. 

If the fbtmation of the inoiganic orientation fihn 36 is implemented only by a 
shigle stage of slanted deposition, the difference (e.g.. 80) of the bed may produce a 
shadow in response to Ae height of the diflEfareace and the deposition dhection. That 
is, only a single stage of slanled deposition may produce a deposition-incomplete area 
in which an inorganic material is not completely deposited. Thcrcfiare, a defect may 
be formed on the orientation film due to the shadow of the difference. 

In order to avoid the incomplete deposition, it is preferable to perform the 
slanted d^osition in multiple directions on the TFT array substrate 10 in plan view. 
By performing the slanted deposition multiple times, it is possible to form the 
inorganic orientation film 36 having no defect regardless of the height of the difference 
formed on the bed and the deposition directions. Therefore^, it is possible to reduce 
the occutrcflice of disdination in the non-power mode due to the defects of the 
orientation film. 

As described above, the present embodiment provides multiple stages of the 
slanted deposition. For example^ the inorganic orientation fihn 36 is formed by two 
stages of the slknted deposition, whidi will be described with reference to FIG. 14. 

Specifically, a first stage of the slanted deposition is perfbnned in a d^shion 
direction Sxcoirespondhig to a deposition angle fl,tiiat is fbrmed above the smfeoc 
of the TFT array substrate 10; and a second stage of the slanted depo^on is 
pwformed in a deposition direction Sb corresponding to a deposition an^e 6 g that is 
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fonned above the sufface of the TFT array substrate 1 0, wh^ein the deposition 
direction Sq separates from the dq)osition direction by an angle ^ on the TFT 
array substrate 10 in its plan view. Thus^ the second stage of the slanted deposition 
reliably dq>osit$ the inorganic mff^^«i in the deposition-incomplete area that occurs in 
the first stage of the slanted deposition due to the shadow of the difference. 
Incidentally, it is pnefeTable to increase the deposition angle 6 ^ to be laiger than the 
deposition angle 0 j. 

In the second stage of the slanted deposition, the inoiganic material is 
deposited in the neighboring area of the difference, in which the slanted deposition is 
incompletely performed in the first stage, as well as the other areas in which the 
slanted deposition is completely performed in the first stage. Of coursei, then is a 
possibility that the second stage of the slanted deposition may produce another shadow 
of the differences in response to the deposition direction Sq. For this reason, the 
inoisanic orientation film 36 that is fonned by the two stages of the slanted deposition 
provides the following three re^ons. 

(i) A first region that contains pillar structures created by the first st^e of the 
slanted deposition only. 

(ii) A second region that contains pillar structures created by the second stage of 
the slanted deposition only. 

(iii) A third region that contains mixtures of pillar structures respectively created by 
the first and second stages of the slanted deposition. 

In the plan view of the TFT array substrate 10, there are provided mixtures of 
multiple types of pillar structures, which may be slanted in different directions. 

Compared with the TFT array substrate 10, the oppodte substrate 20 provides 
a relatively small number of layers. That is, the common electrode 21 and the second 
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sliield film 23 are only arranged between the opposite substrate 20 and the oiganic 
orientation film 42. Therefore, the oiganic orientation film 42 is formed on the bed 
(i.e., common electrode 21) having few differences. Since the opposite substrate 20 
has few diflFerences, it is possible to perfbrm a rubbing process completely over the 
entire sur&ce area of the organic orientation film 42. Compared with the inoiganic 
orientation film 36, the oiganic orientation film 42 can be produced at a relatively low 
cost and is superior in productivity. Therefore, it is possible to noticeably reduce the 
production cost with respect to the present embodiment, which forms the inoiganic 
orientation film 36 only on the TFT array substrate 10, compared to the existing 
product in which inorganic orientation films are forn&ed on both substrates. Li 
addition, it is possible to avoid unwanted reduction of the productivity in the present 
embodiment compared to the existing product. 

Next, a description will be given with respect to orientation processes that are 
performed on the inoiganic orientation film 36 and the oiganic orientation film 42 
respectively. 

In order to realize the TN mode, the liquid crystal display of the present 
embodiment is designed in such a way that orientation irocesses are performed ao as 
to establish a *twisted' relationship between the inorganic orientation film 36 and the 
organic orientation fihn 42, orientation directions of whidi differ fi:om each other by 
90**. FIG. 6 shows that an orientation process is performed to provide the inoiganic 
orientation film 36 with an orientation direction Ra directing from the left to the ri^ 
along the extending direction of the scan line 3a, while an orientation process is 
p^ormed to provide the organic orientation film 42 with an orientation direction Rb 
directing firom the below to the above along the extending direction of the data line 6a. 

In addition, the orientation processes are performed to increase the pre-tilt 
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angle for liquid-crystal molecules lying in proxinuty to the TFT airay substrate 10 to 
be larger than the pre-titt angle for liqxud-crystal molecules lying in proximity to the 
opposite substrate 20 in the non-power mode. That is, the orientation processes are 
performed in such a way that the pre-tih angle realized by the inorganic orientation 
film 36 becomes greater than the pre-tilt angle realized by the arg^c orientation film 
42 in the non-power mode. Specifically, it is preferable to set the pre-tilt angle fbr 
liquid-crystal molecules lying in proximity to the TFT array substrate 10 m a range 
fi^om 3** to 30'', and it is preferable to regulate the pre-tih angle for liquid-crystal 
molecules lying in proximity to the opposite subsbrate 20 in a range fiom 1® to 3", for 
example. When the pre-tih angle for liquid-crystal molecules lying in proximity to 
the TFT array substrate 10 exceeds 30** in the non-power mode, the light transmxttanoe 
decreases in the white display mode» which causes unpleasant darkening of the display 
screen. 

The oiganic orientation film 42 can be controlled in the orientation direction 
and pre-tih ai^e by controlling the nibbing dn^ction of the rubbing process therefor. 

In contrast, the inorganic orientation film 36 can be controlled in the surface 
shape by controlling the deposition direction of the deposition therefin; so that the 
desired orientation direction and desired pre-tih angle can be obtained therefof. The 
slanted deporition provides an inorganic orientation film with a higher pre-tih angle hi 
a stable manner compared to the pre-tih angle imparted to the organic orientation film 
composed of orientational high molecules. 

The orientation direction and the pre-tilt angle ^lied to the inorganic 
orientation film 36 depends upon phches and sizes of pillar structures. When the 
inorganic orientation film 36 is formed by only a single stage of slanted dq>osition, its 
orienution direction and pre^tilt angle substantially match the inclination direction and 
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inclination angle of the pillar stnictiires created theraxL In contrast, when the 
inorganic orientation film 36 is formed by multiple stages of slanted deposition, it 
contains mixtures of nuiltiple types of pillar structures; hence^ there are provided 
distributions fbr orientation directions and pre-tih angles applied to the inorganic 
orientation film 36. However, it was generally observed that pillar strudures created 
by the second stage or latter stages of the slanted deposition are formed to occupy gaps 
between pillar structures that were created by the first stage of the slanted deposition. 
Hence, the inorganic orientation film 36 provides an overall orientation (Uicctk>n and 
an overall pre>titt ang^e on average which are substantially regulated by tiie sur&ce 
shapes of the pillar structures created by the first stage of the slaotod dq)05iti<m. 

As described above, the present embodiment performs cwientadon processes 
on the inorganic orientation film 36 and the oiganic orientation film 42 respectively in 
such a way that the pre-tilt angle for liquid-crystal molecules lying in proximity to the 
TFT array substrate 10 becomes larger than die pr^tiH angle for liquid-crystal 
molecules lying in proximity to the opposite substrate 20 at tiie non-power mode. 
Hence, even though the liquid crystal display employs the line inversion drive and 
column inversion drive, it is possible to reduce the occurrence of disclination due to 
the lateral electric field, which is generated in proximity to the TFT array substrate 1 0 
at the power-on mode in addition to the vertical elecrric field that dinctly contributes 
to driving the liquid crystal. 

\Wth reference to FIG. 1 5, a description vdW be given with respect to electric 
fields that occur in the liquid crystal 50 at the power-on mode in response to the line 
inversion drive. FIG. 15 shows a simplified cross-sectional view showing a model of 
the liquid crystal display of the present embodiment in which electric fields are 
generated in the liquid crystal 50 in rraponse to prescribed voltages applied to the pfatel 
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electrodes 9 and the common electrode 21 respectively. Specifically, the pixel 
electrode 9d belongs to the first electrode group diarged at a positive potential, vAUe 
the pixel electrode 9b belongs to the second electrode ffoup charged at a negative 
potential. The ground potential is applied to the common electrode 21. 

In FIG. IS, a v^cal electric field EV occurs h& a direction from the center 
portion of the pixel electrode 9a to the common electrode 21 in relation to the first 
electrode group, and a vertical electric field EV occurs in a direction from the common 
electrode 21 to the center portion of the pixel electrode 9b in relation to the second 
electrode group. These vertical electric fields EV directly contribute to driving the 
liquid crystal SO. 

On the TFT array substrate 10, potentials having different polarities axe 
respectively applied to the pixel electrode 9a of the first electrode group and the 
^adjoining' pbcel electrode 9b of the second electrode group. This causes a lateral 
electric field EL in a direction from the pixel electrode 9a to the adjoining pixel 
ele^rode 9b. The lateral electric field EL is not generated for the purpose of driving 
the liquid crystal SO. Actually, it occurs naturally in the power-on mode. 

The present embodiment is designed in such a way that in the non-power 
mode, the pre-tilt angle for liquid-crystal molecules lying in proximity to the TFT 
array substrate 10 becomes larger than the pre-tih angle for liquid-crystal molecules 
lying in proximity to Ac opposite substrate 20, Therefore, in the non-power mod^ 
liquid-crystal molecules lying in pronmity to the TFT array substrate 10 are oriented 
so that loi^-axis directions th»eof are forced to be dose to directions of vertical 
electric fields EV; which will be generated in the poww-on mode and directly 
contribute to driving the liquid crystal 50. Even though the lateral electric field EL 
occurs between the pixel electrode 9a and the adjoining pixel electrode 9b, it is 
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possible to smoothly change over an orientatioii of liquid-crystal molecules such that 
they are forced to be aligned along the vertical electric fields EV. Thus, it is possible 
to reduce the occurrence of disclination due to the lateral electric field EL in the 
power-on mode. 

The present embodiment describes that many differences are fimned on the 
surface of the bed used for the formation of the inoxganic orientation film 36 on the 
TFT array substrate 10. Of course, this Invention is not necessarily limited to ibe 
present embodiinent; hence, h is possible to form the inorganic orientation film 36 on 
the 'planar' surface of the bed that is subjected to planariration. In this case, the 
inorganic orientation film 36 can be completely formed wthout defects by a six«Ie 
stage of slanted dqiosition. 

Ihddentally, this invention is not necessarily limited to the aforementioned 
liquid crystal having a positive dielectric anisotropy; therefore, it can be applied to the 
liquid crystal having a negative dielectric anisotropy that is used in the vertical 
orientation mode and the like. 

Electronic Devices 

Next, examples of electronic devices using the aforementioned liquid crystal 
display will be described with reference to Figures 16 to 19. 

FIG. 1 6 shows an outline configuration of a liquid crystal display projector of 
the so-called 'three board type' that uses three liquid crystal light vatvea. The liquid 
crystal display of the foregoing embodiments is used for each of the liquid crystal lig^ 
valves. In FIG. 16, reference numeral 510 designates a light source; reference 
numerals 513 and 514 designate dichroic mirron; reference numerals 515, 516» and 
517 designate reflecting mirrors; reference numerals 518> 519, and 520 designate relay 
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lenses; reference numerals 522, 523. and 524 designate liquid crystal light vahres; 
reference numeral 525 designates a cross dichroic prism; and reference numeral 526 
designates a projecting lens system. 

The light source 510 is composed of a lamp 511 such as a metal halide lamp, 
and a reflector 5 12 for reflecting light of the lamp 51 L The dichroic mirror 513 is 
designed to reflect blue and green light Hence, the dichroic minor 513 transmits 
only the red light in the white light emitted from the light source 510 while avoiding 
transmission of the blue and green light therethrough. The red light transmitted 
through the dichrt>ic mirror 513 is reflected by the reflecting mirror 517 and is then 
incident on the liquid crystal Ught valve 522, which is exchisivdy used fisr the 
projection of red light. 

Within color components of light reflected by the dichroic mirror 513. the 
green light is reflected by the dichroic mirror 514 exclusively used £br reflection of 
green light, and it is then incident on the liquid costal light valve 523, wUch is 
exclusively used fbr the projection of green light. The 'remainmg' blue light is 
transmitted through the 'second* dichroic mirm 514 as well. A light guide unit 521 
is provided to compensate for difiFeiences of optical path lengths with respect to the 
blue light compared to the green light and red light. The light guide unit 521 is a 
relay lens system that contains an incoming lens 518, a relay lens 519, and an outgoing 
lens 520. Therefore, the blue light is relayed and guided by the light guide unit 521; 
then, it is incident on the liquid crystal light valve 524 that is exclusively used for the 
projection of blue light. 

The liquid crystal light valves 522. 523, and 524 modulate the red light, green 
light, and bhje light re^ectively. Modulated light beams are incident on the cross 
dichruic prism 525 in which four rectangular prisms are laminated. Herein, dielectric 
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multilayer films for reflecting red ligbt and blue light respectively are combined 
together in a cross shape, which is airanged on an interior plane of the cross dichroic 
prism 525. These dielectric multilayer films provide composition of three colors of 
light; hence, it is possible to produce light beams rqiresenting color images. 
Composed light is projected on a screen S27 by the projectfaig lens system 526 thai is a 
projecting light system. Thus» color images are adequately magnified and are 
displayed on the screen 527. 

Since the aforementioned liquid ciystal display projector of FIG. 16 is 
constnicted using the liquid crystal displays of the foregoing embodiments as the 
liquid crystal light valves, H is possible to produce color images having a high quality. 

FIG. 17 shows a cellular phone 1000 having a liquid crystal display 1001, 
which corresponds to the liquid aystal display of the foregoing embodiments. 

FIG. 1 8 shows a wristwatch 1 100 having a liquid crystal display 1101, which 
corresponds to the liquid crystal display of the foregoing embodiments^ 

FIG. 19 sIktws a portable informadon processing device 1200 such as a word 
processor and a personal computer (e.g., a liE^op or notebook computer). This device 
1 200 is basically constructed by a manual input section 1202 such as a keyboard, a 
casing 1204 containing electronic components^ and a liquid crystal display 1206, 
which corresponds to the liquid crystal display of the forgoing embodiments. 

All of the aforementioned electronic devices shown in Figures 16 to 19 
provide the liquid crystal displays of the forgoing embodiments; hence» they can 
clearly display pictures having a high quality on the screen. Incidentally, the applied 
fields of this invention are not necessarily limited to the aforementioned electronic 
devices; hence, this invention can be widely used for a variety of fields. 

As this invention may be embodied in several forms without departing firom 
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the spirit or essendal charact^stics thereof die present embodiments are therefore 
illustrative and not restrictive; since the scope of the invention is defined by the 
appended claims rather than by the description preceding them, and all changes that 
fall within metes and boimds of the claims* or equivalents of such metes and bounds 
are therefore intended to be enibraced by the claims. 



